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In studying the diminution in the number of blood platelets which 
is one of the most prominent factors in the pathogenesis of thrombocy- 
topenic purpura,  the author could not find positive evidence in the 
literature,  of  the  cause  of  this  thrombopenia.  Many  conflicting 
opinions were encountered, and these could be narrowed down to two 
basic ones.  Frank and Glantzmann assume that the megacaryocytic 
apparatus is injured or inhibited from producing the normal number of 
platelets.  Kaznelson and  many others  support  the  opposite  view; 
namely, that there is an excessive thrombolytic function in the spleen 
and perhaps in other parts of the body, which causes a marked diminu- 
tion in the number of platelets, not by interfering with their formation 
but by increasing their destruction.  It has already been established 
that splenectomy in the experimental animal is followed by a  rise in 
the number of platelets in the blood (Bedson).  The spleen is there- 
fore supposed to be the site of destruction of quantities of platelets, 
and its removal inhibits much of this destruction.  This rise, Bedson 
has shown, is temporary, the return to normal being completed after 
about 1 month.  The explanation advanced for the gradual return to 
normal is that the hyperactivity of other physiologically related tissue 
compensates  for  the  loss  occasioned  by  splenectomy.  The  hyper- 
activity is manifested by an increased platelet destruction and  the 
hitherto increased number of platelets (as a result of splenectomy) is 
diminished to  the normal  level. 
It has also been noted clinically that splenectomy in thrombocyto- 
penic purpura is rapidly followed by a rise in the platelet count.  This 
relatively high count soon becomes diminished however, the fall in 
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some  cases  almost  reaching  the  low  level  before  operation.  Is  it 
because of a  similar compensatory activity of physiologically related 
tissue? 
It becomes evident that investigation regarding the source of supply 
and the mechanism of destruction of the platelets is necessary to clear 
up  the  haze  which surrounds  these problems. 
The  investigations  of  Ribbert,  Aschoff,  Kiyono,  Goldmann,  and 
others have established  the existence of a  group  of cells widely dis- 
tributed  throughout  the  interstitial  and  perivascular  tissues  of  the 
body, possessing common morphological and physiological properties, 
which they have grouped as a tissue under the heading of the reticulo- 
endothelial system.  To the activity of this tissue, of which the spleen 
contains a large amount, has been attributed the destruction of plate- 
lets, and the investigation along one line of the basis for such assertion 
furnishes  the  subject matter  of  this  paper. 
One  of  the  most  prominent  characteristics  of  these  cells is  their 
propensity  for  absorbing  and  storing  in  granular  form  vital  stains 
introduced into the blood in solution.  They phagocytose these vital 
stains voraciously, and becoming gorged, they are rendered otherwise 
relatively  inactive.  This  method  of  blocking  the  system has  been 
widely utilized  to  determine  indirectly  the  activities  of  these  cells. 
In  this  study  of  the  possible  relationship  between  the  reticulo- 
endothelial system and platelet destruction,  the blocking system was 
used,  platelet  counts  being made  before and  after  the  inactivation 
and  rather striking results were obtained. 
Method. 
Guinea pigs were used in  all the experiments.  Before proceeding with  the 
main problem, the method of platelet  counting was studied.  It was found that 
widely different platelet  counts could be obtained  by the same observer, using 
the same method, the same pig, during the same hour, the difference depending 
upon the manner in which the drop of blood was obtained. 
The exertion of pressure on the surrounding tissue after needle puncture,  to 
secure a large enough drop of blood for the procedure, is uniformly productive 
of a  count  at  considerable variance  with  that  obtained  when the blood flows 
freely from the injured surface.  Sticking the ear lobe in the attempt to strike 
the analogue of the marginal vein of the rabbit  almost always fails to give a 
sufiSciently large sized drop, as does needle sticking elsewhere in the body.  It HARRY  KOSTER  77 
was found that the best way to secure a good drop was by incising the foot with 
a  safety razor blade, after thorough cleansing. 
Various methods of counting were experimented with.  They may be classified 
as  direct  and  indirect.  The  first  is  self-explanatory.  The  second  is  accom- 
plished by the determination in a blood smear of the relation between the amount 
of platelets and  the number of red cells, and then the number of red cells per 
c.mm. is counted, from which the actual number of platelets is estimated.  Prob- 
ably the best method of this group is that  of Bedson.  The direct method seemed 
preferable because  the  possibility of error is apparently less.  Various staining 
solutions were used  (Wright and  Kinnicutt, Leak and  Guy,  Reese and Ecker, 
etc.), but  it was finally decided that  the source  of error  would be  minimized 
by counting the platelets unstained, because in the process of staining, despite 
all caution and effort to prevent it, very frequently small particles of stain would 
TABLE  I. 
Gu~ea 
Pig No. 
I  292,000  310, 
2  288,000  314, 
3  174,000  262, 
4  386,000  364, 
5  362,000  260, 
6  330.000  332. 
Feb. 4 
286,000 
336,00~ 
251,000 
324,000 
306,000 
336,00~ 
Total average. 
Platelet count.  Weight. 
Feb. 5 
364,000 
338,000 
234,000 
216,000 
324,000 
316,000 
Feb. 6 
330,000 
Feb. 7 
,00C 
314,00C 
,00C 
:,00~ 
,00C 
,00C 
Average 
for 4 days. 
313,000 
319,000 
230,500 
322,500 
313,000 
328,500 
304,416 
Feb. 4 
458 
446 
467 
547 
439 
428 
Feb. 5  Feb. 6 
gm.  gm. 
404  413 
396  407 
430  450 
506  514 
425  445 
413  410 
I 
Feb. 7 
&m. 
402 
412 
511 
531 
451 
4O0 
be  precipitated  and  these  simulated  platelets,  thus  interfering  with  accurate 
counting.  The  method  adopted was  to use a  red cell counting pipette, draw 
up to the 1 mark, add 3 per cent sodium citrate to the 101 mark, and then after 
thoroughly mixing to place a  suitably sized drop  in  a  counting chamber, allow 
to settle for  15  minutes,  count  the platelets in 400  squares,  and multiply the 
result  by  1000.  Because  of  the  personal  equation  variation  all  counts  were 
made  by  the  same  observer. 
EXPEI~NTAL. 
Six guinea pigs of approximately the same size were obtained from one source. 
They  were  segregated and  watched  for  4  days for  signs  of ill health.  None 
being manifest, daily platelet counts were made on each one, over a  period of 4 
days.  The counts ranged from a low level of 174,000  to a high level of 386,000. 
The average count for each pig was established as was also the total average. 
The  latter was  304,416.  (See Table I.) 78  RETICULO-END  OTFzELIAL  SYSTEM 
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Then 5  cc.  of a  ½ per cent solution of trypan blue in freshly distilled  water, 
sterilized by boiling, was injected subcutaneously into each animal.  The trypan 
blue  used in  these  experiments  was  obtained  from the A.  H.  Thomas Co.,  of 
Philadelphia,  some products of other derivation having been found highly toxic 
and therefore undesirable.  Daily counts by the same technique were continued 
and  the  injections  repeated  4  days later.  On  that  day Pig 67  died.  9  days 
after the first trypan blue injection the count level had so changed that now the 
low level was 708,000  while the high reached 1,500,000.  The total average for 
a period of 4 days, begun 8 days after the first trypan blue injection was 984,000, 
showing an increase over the total  average,  before injection,  of 685,000.  (See 
Table II.) 
Very frequently  during  the  experiment,  check was  made  upon  the  platelet 
count and the degree of error was found to be very slight, being less than 5 per 
TABLE  III. 
February 23.  Injection of 5 cc. of ½ per cent solution of trypan blue in  each 
pig. 
1 
2 
3 
4 
6 
Platelet count.  Weight. 
Feb, 23  Feb. 24 
708,000844,000 
694,000468,000 
!776,000620,000 
1640,000604,000 
'984,000864,000 
Feb. 25 
694,000 
512,000 
808,00C 
802,00C 
636,00G 
Feb. 26 
728,000 
460,000 
796,000 
~40,000 
562,000 
Feb. 27 
676,000 
402,000 
622,000 
776,000 
548,000 
Mar. 1 
576,000 
364,000 
760,00C 
762,00G 
608,00~ 
Feb. 
23 
g~. 
483 
380 
474 
507 
487 
Feb. 
24 
g~. 
489 
303* 
480 
540 
478 
Feb.  Feb.  Feb.  M~r, 
25  26  27  1 
gin.  gin.  gin.  gin. 
475  470  468  48~ 
342* 320* 331'  34~ 
465  470  465  48~ 
517  518  522  54( 
482  497  511  53( 
* Diarrhea. 
cent.  Bedson  and  Zilva  rate  the  possibility  of error in  counting platelets  by 
their  method at about  l0 per cent.  The estimated  degree of possible error in 
this  work  bears  out  the previously expressed  view  that  the  direct  method  of 
counting is  by far more desirable.  However,  in  the  light  of the  marked  dif- 
ferences in counts obtained before and after the blockade, it is readily seen that 
even a  much more generous allowance for error would not vitiate the results. 
Two  control  animals,  of  similar  stock,  cared  for under  similar  conditions, 
received injection of 5 cc. of distilled water at the same time that the test ani- 
mals  received  the  trypan  blue  injections.  Those  before  injection  showed  a 
total average of 288,000 whilst the total average for the 4 days beginning 8 days 
after the first injection of distilled  water was 278,000.  Thus the rise in plate- 
lets in the other series is undoubtedly related  to the injection of trypan blue. 
The platelet counts were continued as shown in Table III.  Apparently after 
the initial high  excursion, there is a  slight recoil and then a  slow diminution  in 
their  numbers.  (See  Table  III.) 80  RETICULO-END OTHELIAL SYSTEM 
Thus,  after injection  of  trypan  blue  the  platelet  count  shows  a 
marked rise,  the total average increase equalling approximately 300 
per cent.  This is followed by a sharp recoil and then a more gradual 
decline, despite another injection of trypan blue to continue the satura- 
tion.  A  graphic representation of the variation is given in Chart  1. 
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Graphic representation of the daily average platelet  count of all 
in  this experiment. 
DISCUSSION. 
In analyzing the results of the experiment, it soon becomes apparent 
that many different conclusions might be drawn regarding the rela- I-IAI~I~Y XOS~ER  81 
tionship  of  the  reticulo-endothelial system  to  platelet  destruction. 
Comparing the average  counts before and after blockade, it would 
appear that the saturation interferes with the phagocytosis of platelets 
to a  considerable degree.  After a  study of the graph however, the 
question as  to what causes  the sharp  decline immediately suggests 
itself. 
The later literature dealing with reticulo-endothelial system block- 
ade by dyes and colloids supports the contentions of the earlier workers 
that  the  cells  can  be  so  overburdened as  to  have  their  activities 
paralyzed.  The reticulo-endothelial cells  have also been considered 
as  the  agents  by  which blood  destruction is  accomplished, chiefly 
because phagocytosis of red and white cells and platelets by the macro- 
phages has been repeatedly noted.  Such phagocytosis is especially 
prominent in pathological conditions.  Asch found it  prominent in 
the  spleen  in  pernicious anemia.  Seidelin  reported  it  in  malaria. 
Pool and  Stillman recorded phagocytosis of platelets in  the spleen 
in  thrombocytopenic purpura.  Enormous phagocytosis of  erythro- 
cytes occurs in birds poisoned by arsine.  But even in normal healthy 
mammals such phagocytosis has long been recognized to occur in the 
spleen.  Assuming then that the trypan blue completely blocked the 
reticulo-endothelial system and that phagocytosis is the only means 
by which platelets are destroyed, it would be expected that the plate- 
lets would continue to increase ad infinitum provided there was no 
inhibition of production. 
It  is  doubtful however, whether all  the  reticulo-endothelial cells 
can be so completely stuffed as to be unable to function.  As Rich 
says, "One might well expect the cells to be unable to live under such 
conditions."  The  blockade,  and  the  inactivity,  must  be  relative. 
It  is  also  doubtful whether phagocytosis is  the  only method of 
destroying platelets.  In the case of the erythrocytes the evidence as 
reviewed by Rous decidedly favors the view that phagocytosis is not 
the  only  means  for  their  destruction.  Rous  and  Robertson  have 
shown, for instance, that the cat, an animal with a very active hema- 
topoietic system, has very few macrophages.  Indeed, whether the 
cells which do undergo phagocytosis are primarily devoured by the 
macrophages, or whether they are first rendered inert and then picked 
up and metabolized merely as any other foreign bodies are,  is still 82  RETICULO-ENDOTHELIAL  SYSTEM 
open to question.  It should be remembered that platelets are a  very 
unstable quantity in the blood.  The wide range of variation in the 
count under apparently normal conditions, the ease and rapidity with 
which they can be driven from the circulation by the injection of 
snake venom (Flexner), albumose (Gley), the rapidity with which they 
return  to  the  drculafion in  severe  cases  of purpura h~emorrhagica 
after splenectomy, bespeak a very labile regulatory apparatus.  And 
the side which deals with platelet production must not be overlooked. 
The graph shows that after the initial marked rise and subsequent 
sharp decline, there is a  steady diminution in  the platelets despite 
the reinforcement of the blockade by another trypan blue injection. 
The possible explanations which suggest themselves are:  (1) that the 
blockade is  no longer as  complete,  despite  the  reinforcement, and 
that phagocytosis is now more active;  (2)  that  in  time some other 
mechanism assumes  the added  burden  of platelet  destruction as  a 
compensatory reaction; (3) that the original trypan injection, while it 
blockaded  the  reticulo-endothelial  system,  sharply  stimulated  the 
platelet-producing mechanism to  greater activity as  manifested by 
the sudden and great increase in platelets, and subsequent injections 
failed  because of acquired tolerance. 
Achard and Aynaud report marked diminution in the platelet count 
after  intravenous injection  of electrargol.  And yet  many workers 
have used electrargol to block the reticulo-endothelial system.  This 
is apparently a  contradiction if blocking the system should cause a 
rise in the platelets.  It would favor the idea that there is either some 
very active  mechanism for platelet destruction beside phagocytosis, 
or that this particular agent caused inhibition of platelet production. 
In another series of experiments undertaken to determine the effect 
of trypan blue blockade on the development of  immune bodies,  it 
was found that after the blockade had been established the injection 
of a  small quantity of washed sheep red blood cells produced a  fall 
from 1,000,000 platelets to 200,000 in 12 hours.  This is also suggestive 
of other means of diminution in numbers besides phagocytosis. 
It becomes quite evident that at this stage in our knowledge of the 
life cycle of the platelet it is far more important to accumulate data 
than  to  attempt  to  evolve hypotheses and  construct theories,  and 
that  proper interpretation  of  the phenomena is  dependent on  the 
acquisition of more facts. HARRY KOSTER  83 
SUMMARY. 
1.  So called blockade of the reticulo-endothelial system results in a 
marked increase in the platelet count. 
2.  The  count  rapidly  becomes very high,  shows  a  sharp  partial 
recoil and  then  a  gradual  diminution even though the blockade be 
continued. 
3.  The mechanism regulating the number of platelets is a  compli- 
cated one. 
4.  Apparently  phagocytosis  by  cells  of  the reticulo-endothelial 
system is not the only means by which Mood platelets are destroyed. 
BIBLIOGRAPHY. 
Achard, C., and Aynaud, M., Compt. rend. Soc, biol., 1908, lxiv, 714, 898; lxv, 
57, 332, 459, 554, 724. 
Asch, E. A., quoted by yon Kupffer, E., Verhandl. Anat. Ges., 12.  Versomml  in 
Keil, 1898, 80. 
Aschoff, L., Ergebn. inn.  Med.  u.  Kinderheilk.,  1924, xxvi, 2. 
Bedson, S. P., Lancet, 1924, ii, 1117; J. Path. and Bact., 1922, xxv, 94. 
Bedson, S. P., and Zilva, S. S., Brit. Y. Exp. Path.,  1923, iv, 5. 
Flexner, cited in Osler, W., and McCrae, T.,  Modem medicine, London, 2nd 
edition, 1915, iv, 693. 
Gley, cited in Osler, W., and McCrae, T., Modem medicine, London, 2nd edition, 
1915, iv, 694. 
Goldmann, E. E., Beitr. klin. Chir., 1909, lxiv, 192. 
Kaznelson, P.,  Wien. hlin.  Woch., 1916, xxix, 1451. 
Kiyono, Die vitale Karminspeicherung, Jena, 1914. 
Pool, E. A., and Stillman, R. G., Surgery of the spleen, New York, 1923. 
Ribbert, H., Z. allg. Physiol.,  1904, iv, 201. 
Rich, A. R., Physiol.  Rev., 1925, v, 182. 
Rous, P., and Robertson, O. H., J. Exp. IVied., 1917, xxv, 651. 
Seidelin, H., J. Path.  and Bact.,  1914-15, xix, 317. 